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iij^LkiygcuHnon ox aceiyjeuc wimcau llec 
flcei^Iene is present hi a minuie wxtli other 
g&sds, and is more panicDiady coacemcd with 
the puE^ ffltion of gaseous^mktoi^es from ssoall 
amonntft of nicct^jdcnc. 

^ PdUddinm has been used as a catalyst in ihc 
duces hiydrogeaation of acetjyleiie tt> eAiy\anb 
by adding an cxcefls of hydrogen. Id cme soch 
^cass ducct hydrogenation ao^q^e to- 
gether iffidi an exoess of hydx^scn and steam 
was passed over a catslyst of palladxnm on 
alica gd at temperatures cf atout 200* C to 
300^ C and rader normal pressures. The 
palladium such a catalyst is usually present 
m great disperaon on the gd, e.^. 200 
mg per Jher. Such catalysts howeT&r, h^v^ 
been found to become poisoned quiddy due to 
the presence of organic compounds cf P, As, 
Sb md the hydrides of P, As, end Sb, organic 
compaunds of H-S, HCN, and polym^ing 
compounds such as 'wnyl acetylene. Such a 
catalyst shows a tendency to over-Jrydrogenate 
and jminccs tars, cnpiene^polymeis and other 
undesizable by-^pniducts. As high as 30 to 
40% of organic znatzer has been found in 
such catalysts. Thns, r^seaisd rege^emtioa is 
[Pnce 3s.6iL] 



of Selecdydy bydiogenating acetyiene in die 
presence of other g^ises^ paniculariy olefinesj 
wherein t<^j5 ^csctylene conteoi must be c5ec^ 
tivdy eUminated or reduced to only any 
amounts, and not more than 1% of any 
ecbjdeaie f resent is converted to ^tfmp. 
It xs therefore one object of the present 
to i^ovide a catalytic process for 



mvention 



the hydbigenarion of the niple bond of 



acetylene. 



It is a further object of the inven- 



selective 
acetylene 
present in 
saturated 
provide a 
cess for 
acetylene 
— leot in 



50 



5S 



txon to mmde a catalytic process for the 60 



hydrogenation of even traces of 
to ethyleoe when the acetylene is 
a mixture vith saturated and tn- 
gases. A still further 6bject is to 
dmple and econondcal catalytic pro- 
the selective hydrogenation of 
to ethylene when the acetylene is 
^ _i traces in a mirone with olefines, 
^ obi^ and advanrnges of the invention 
wm b eco a^e readily apparent from die fbflo^ 
IBS descizpiion. 

We, hfl^e now deitrmined that selective 
hydrogenation of aoeQiene, wherein the 
acetylene is pzesenr in a miamire with other 
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We, Enguehakd Inotsthibs^ Inc^ fbmeriy 
Baker & CompsRy Incoipoiateda of IXS Astnr 
Street, Newark, New Jersey, United Stst&s rf 
AmencsLi a cozpoiatum ox^aoized under the 
IBWB of the State of New Jersi^^ TJnived Stsues 
of Anscricaa do heicby dedaxe the invenaon^ 
fbr which we piay diai a patm may^ be 
gffftntftd ID us^ and die method hy whidi it is 
to be perfonned* ^ he paiticalady descdbcd 
in and by tixe fdlowing cement; — > 

This invention i&lBte$ to the adectiye can- 
lytic bydrogcoatioa of acetylene wfaerdn iht 
acetyl^ is preseoc in a mixmie with odier 
gases^ and is more paidculaily coao emed ^mih 
ff^ fi purification of ^seons niis^tures iroia small 
amomns of acet^^^e. 

Palladinm has been used as a caialyst in the 
ditect hydtogeoadon of ace^^e to ethylene 
by adding en excess of hydrc^en. In one snch 
process of direct hydrogenaaon acetylene to-* 
gedier with an excess of hydrogen and steam 
was passed over a catalyst of paHadhxm «hi 
sifica ^ at tempnacnres of abonc 200^ C to 
300^ C. and under nonnal pxessures. Tbe 
poJladium in such a catalyst is usually present 
in great dispeinon on the alica gel, e.g. 200 
mg per liter. Sudi catalysis howeiver^ have 
been found to become poisoned qmd^y due to 
the pmence of organic compounds of As, 
Sb and the faydzides of A&, and Sb^ organic 
compoonds of S, H»Sj HCN^ and pdlymezizing 
Compounds soch as ^yl aceiyTfinf^ Snch a 
catalyse shows a tendeoiy to over-hydzogenate 
and produces tan, cuprene, polymers and other 
imd^drable by-products. As high as 30 to 
40% of organic matter has be» found in 
snch cacaiysts. I1w9, iQ>eBt&d xegeqottdou i9 
{Price 3s, 6d,] 
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OOMFLETE aPBCIFICAT:ON 
Catalytiic Bydrogenatioii <tf < Acetylene 



necessary, xdthi resultsnt catalyst loss and tixe 
tendency of! the silica gd to g^aze and lose its 
BOtve smfajce. It has also been suggested to 
• use catalyst of palladmm containing other 
metals, e.^[ 10% cobelt or nidcel; or to use 
platinum instead of palladium. In addition, 
catalysts of! nicfcel~silver have been tried, but 
a leally good commercially feasible selective 
catalyst I0i| this pmpose has not pzevioqs^ 
been suggest)^ In evoy case there is a om- 
siderabla tar f ocmatian in addition to eth^ene. 

There is |thos a need for a camlyst capable 
of selecdvdy hydrqgenatmg Bcetylene m die 
presence of! other ^^es, particolaxiy olefines, 
wherein ihi acetj^Die content must be ^eo 
tivct^ e!im|nated or reduced to only tiny 
amounts, apd not more than 1% of $ny 
ethylene present Is omverted to ethane. 

It h tS^neftne one ot^ect of the pzesent 
inveoiian to pxovide a catalyttc process fbr 
the hydxDgenatian c£ the tziple bond of 
acetylene. is a further object of the iavenr 
tion 10 pnpvide a catalytic pracess for the 
sdectlve l^drogenation of even traces of 
ace^ene e^lens when the aDctylena is 
present in ^ mixtore with satmated and tm^ 
saturated gpes. A soil further object ia to 
provide a siplde and ectmojuical catalytic pTt>- 
cess for [the &elecciv& hydzogenadoi of 
acetjdene ethylene when the acetykne is 
ptescot in paces in a imzture with olefines. 
Diher objects and advantages of the inven^on 
will become! readily apparent ton the follow^ 
ing desczrotton* 

We, haVip now dpfftrnnrfrd that sdeoive 
hydrogenatipn of acetylene, wherein the 
aoet^toio 19 present in a mizcur^ other 
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gases> hath eatox^ted and unsatocated cei be 
eff^aively btoQ^ sbaut wih a Pd caci^lyst 
oa an activated aIuDi2Xi& canier, and without 
maceiially dbaxi^g ibe other unsflturaied 
^drocaibons present m such gaseous jxdxtx rfiS» 
'fhas tibe Pd catalyst vsed £u tiie pnxsss ofiihe 
iny ffnn'on Jms been found to bft piaoicanyi in- 
active lor die doidile bond v/iJlt being jstill 
actXTe for tlxe ixiple bond* To accomplish pns 
dcfflxed otsjeci^ we have found that ih&\¥d 
content voy cdticaL The Pd^nmisa 
catalyst used has pztived mbe snpenor n> other 
toown Fd caiai^sts and opcxates on bigjier 
Space vdodtxes md lo^tr^ teoqiezaiures and is 
sdeccm over a wide range of twnpftmtnres. 
Because of its selectivity and apetabiU^ at 
lew temperatures the catalyst of this invention 
doefi not pzumota the ^'run-away^ exo th en nl c 
reacDOQ oocuziing where the QSi constitinss 
20%^^0% of the gas and a large amount uf 
hydrogen b pieseot (Le» ibe tomationl of 
efbane from ethylene evtdving sqffideot heat 
to increase die rote of etibane foxioadozi). Wt 
have found tt^ tbe more 'Be present in the gas 
TO be fr^diogmmed, the kwer ijas Pd content 
should be. Hie Pd content oS the catalyst 
should be withizi! the range of 0.001— 0.035{%. 

As stated above, the catalyst is Pd on aoi- 
vared ahunina with a specific small rangej <^ 
Pd contenL However, the catalysts also 
odier catalytic metal^ lyhidi do not ime^ere 
wich die selecdve estate ef ect of the paSar 
(Sum. The ptesmx of snail amounts of tiiese 
odies: metals acdng as protaotsxs^ as specified 
beremalDEz^ gready improves the eSeoiveness 
of tbe caalyst. The cata^ have been foM 
to be operable at elevated pmsures. j 

Aiaiotaining a certain temperature range is 
advantageous^ 

to the above mmiioned ptes^xce of pro- 
ntoter Tuetnl in- the activated almnma- 
palladium catalyst^ it has been found libat 
certam metals, when used in certain critical 
lauos, ate nseful as pmnjoters for the cauilyst 
m ml p a II fi<C um m ^ selective hydiogena^n 
of acetylene m l^dmcaxboi gaseous mbctoi^ 
when palladium and the promoxer metaljin 
specific pn^ttntions are sui^orted on the f 
vated alnmma. suppwL As a nrauh^^ maxin 
selecdvny of palladium results az Mj^. 
proportions by of palladium wi^out 

mcrcasmg the rdadve rate of polymeric build- 
OT. As a consequence catalyst regeneradonian 
be aocomphshed widiout affecting the pajla- 
dhim cpntenr of the catalyst lb the 
inte rfpi-fng widi its lag^i saecdvity. , 

More specifically^ it has been found thati 
n^ta b Kb, Ag and Fe^ when used in cotL. 
propordwis hy weight, improve the sdecn^ 
of die palladium in the hydrogenadon of 
hydrocarbon miaoycs containiug acetyloie 
in amounts up to about 2 p^ Sat 
1^ WBigJit The palladium content |0f 
the catalyst of the present invention ranged as 
saad above frtwn OXXH pa- cent to 0,035 par 



cent by wei^ of die total catalyst Ptt&tably 
for the puipose of improved r^eneradon widi^ 
our loss of activity the range is fom about 
0*007 per cwt to about 0.CB5 per cept The 
picHnoter metals should be present in amounts 70 
ranging from O.OOl per cent t& 5 per cent by 
wei^ of die catalyst i,c, of die total wei^ 
of palladium^ activated alumina and promoter 
memL 

The cata^^ are conveniendy prepared by 75 
forming an aqueous sohitmn of a salt of paHa- 
dfnm aid an aqueous solution of a salt of die 
INtKmoter mecal and contacting the canier in 
the form of a dehy^sted solids e^g. anhydrous 
oxide <of aluminum which is insolid&le in water> 80 
with the solutions n> permit the ^ts to form 
a fizm^ and adherent deposit of csdde or 
hydroxide on the surface of ^e carrier. The 
T^dttg matmial is snbsequemiy lei&eed xq 
obc&m the active catalyst, if de&ed, a coxor ^ 
bined sc^on of salts of poQadinm and the 
promoter metal may be used in place of 
se^KUStesoIumons. 

In accordance ^ with oercain p refe ro l 
etnbodiments, certain of the promoter metals 90 
arts found to be pardculariy effideat in aidix^ 
in die. catalytic hydrog^ation o| ceReiD 
gaseous hydrocarbcm mrCTres by the cstalysc 
flcoording to the iimntion. It is well recognsed 
that a particular gaseous hydrocarbon mixtnre 95 
nec^sitata a apedlic catalyst in onto to 
obtain optimum nsuhs, Stated dififerendy, a 
catalyst of uuusuallsr high selectxvxty for the 
hydxogenation of a given hydrocarbon mbctore 
ix^ not be as effective as ano±et catalyst of 100 
sK^ztly d^erenc i^p(»tifins by wei^ or 
differiug compositian for catalyzing the hydro- 
g^mation ctf anodier given faydiocaibon 
ODxtoie. 

In general^ it may be stated that a small 105 
acetylene content of a hydrocaibon stizture 
containing up to about 2 per cent by wdijit 
of acetyleoe togedier with a balance consisting 
substamially of ethylene and ^"h rof is most 
eS^ctively Ir^rdiugeDated in accordance witii 110 
the present invention when the catalyst csnasts 
of pallsdhnn and as promoter ^^tmi^ wM j 
ported on the activated ftiTmrriwa casiicr. A 
highly effective catalyst contains about 0.01 
per ceut by weight of paBadinm and about 115 
0.01 per by wdght of rhodium. Hydro- 
Carbon mhttures consisting essentLBUy of up to 
2 per cei^ by weight of acetylene and a balance 
constsdng substantially of ethylene and eihane 
art ccanmonly referred to as "commercial 120 
edi^ene*\ T^j^cal analyses of commacial 
edivleoe aie as followsi 

A. 0.005^ per cent 

Cytt*— 90—995 per eent 

CUs— ai— 4 per coit 125 
• B. C3Htf--a005— 2peroent 
Cya^— 20— 80 per ccat 
C^E^^alance 

Id th e evoit that the gaseous hyrirocarbon 
mixture consists essential^ of 19 to about 2 130 
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per cent by of acetylene and a mixture 
of l^^dz^o^xbons including hydrocaxbtms of 
M^er inolecQl&r mig^ than ei^e, for 

^ ftrcarrrpTr , & mixtuie of tfae foIlawiDg ooxn- 

^ posinan: 

C CJHa— 0.05— 1 per cent 
Cy^— 15— 35 per cent 
(SHb— 5— 15 per cent 
Hfi— 10— 35 per cent 

1^ CH^, CsHfl, Cff^ QHic^alance 

a pzieferted catalyst has hten fcruttd, m accord- 
ance widi die i^eseiit invczxtioai} to^ be one 
OT isi ^ t TTg es$eiiti^y of palladium and silver 
as promoter mecil) si^poited on acdyat&d 

15 alnmxna. For ihis ^e of niixtuie, a highly 
elective catalyst contams about 0.01 per cent 
paOadiuzn and about 0.01 per cent s3ver based 
OA die Tmg^ of d]£ catalyst. 
In aoQoidanoB mix ibe prooesa of dte 

30 psxsezic invention sdecdre Jaydrogenation of 
hydrocarboQ nuscDxes contosnxng up to aboot 
2 per CBit of aoer^ene la accomplished as 
described in the b<^;mning of ihc ^eofication, 
by passing the gaseous soixaire together with 

^ l^ittogen m a quantity at least stoxdnometti- 
cally eqiuvalent to the acetylene contesn: of the 
gaseauB mixture over tibe catalyst at devated 
Temperatnres and pressure condincms. To 
control temperatore and pressure condmons^ 

30 per se was koown in the procstss of sekcdvdy 
hydrogenadng acetyiene in gaseous misnutes 
tiang odier catalysis. The preferred c»xditions 
in a mediod applying the catalysts armnting 
to the present invention include a tempacatine 

35 witMn the mnge from 85 to 165^ U and a 
IjressmK ctf from ZS0--450 psig, Spaop vdod- 
ces of ftom about B^OOO to 7»000 volumes of 
gaseous nmcturc^ at nonnal ptessune and 
iempecam re conditians per vttone of caxal^ 

40 per hoar axb found u be suitable tp obtain 
an rfFfaentt containmg sot moic iSbsu 10 ppm. 
of acetylene. Regenezation of the oata^st vpan 
acounolatfan of polymeric deposit may be 
occomplisbed 1^ heating the ca&yst in air at 

45 a temperamzt of» for example^ 500^ C without 
substmui^ effect on ihe sekdiviiy' of the 
catalyst. 

Tie f oHowing q^edfie emmpl^ are fof the 
pospose of iUnstrating the invention,* 

50 I 

Gonxmefdal etlrj^eae (99 per cent ethyloie 
and 025 per cenr ac^ene by wei^) widk 
an arfdftinn of abont 0.7 per cent by wdght of 
hydr^en was passed over a 0,01 per cent 

S5 palladium and 0.01 per cent Aodxamhccmtain*- 
iog canilyst supported (m cylindncal 1/8" 
activated alumina peDets at a tenipezatore of 
1O0--140O C under 350 pag and a space 
v^>dty of 5000 vofaimes of gas mixtnie 

60 (NTF) per vdame of caia^ per hour. The 
cfffaent contained £mm 1 to 10 p^XL CMa 
and essentia]^ no after 200 hours. The 
catalyst was thai rtgcncratai by heating with 
air at 500^^ GL Another gaseoos inhcmre of the 

05 same composidon was passed K^va ihe 



geoezated datalyst for 800 hours, the effluent 
containing bdow 10 ppm C^s* 

A gaseous mictUTe containing 33 moi per 
cent ethan^ €$ moi per cent ethylene^ 0,35 VO 
mol per cent acetylene^ and 1.1 moi p&r cent 
Be vm pa^jsed at a pressure 350 ps^ and 
a ^oe vebdty of 500O vdumes gas mimte 
(NTp) per v(dume of catalyse per hour over a 
0.01 per |G^t palladiam+O.Ol per cent 75 
rhodium-oontaining catalyst stq^ported on 
l/S" activated alumina pdlecs^ which had been 
previously peated to 500° C in air ai a 
tempcratuic; of 110° C. After 157 homa opcra- 
don, the epuez^ aiili oootained less liian 5 80 
ppm. CMt'^ 

j Example III 

A gaseous mistuxe containing 34 per cent 
Hn, 33 per jcent eth^^e, 33 per cent ethan^ 
OJ per cent acetylene weight and tcaces 
of paytiffuuqo^pounds was passed at 90 liieis 
per hour (]!|ITP) over 20 grams of 0.005 per 
cent pallammn and 1 per cent silvep^oataimpg 
catalyse simported on l/S" activated BlnmfnB 
pdlos at a|tempexatO£e of 130 — 150^ Q and 
a pressure ^ 35 psig. Ths efflueoi: cnnained 
3LS^3 p^ cent Hs. No ac^lene was de- 
tected in 1^ effluent gas. 

{ Example IV 

A gaseoi^ mzstore contnimng, by vDhnne> 
15 per cenj: hydrogez^ 26 per cent edryieo^ 
14 per cent jwopytoo and 0.5 per cent 
acetylene vjhs passed over a coralyst aaeiflTing 
of 0.01 pec cent palladium and 0.1 per cent 
silv&r on 1/8'''' acdvated alumina pdlets. Ths 
o|)eratmg tpu^eratuze was 180^ Q and the 
space vdo^ty u?ed was 5^000 volumes of gas 
per cstafyat vohune per hour. The ac^l^ 
in the Silent gas was rednoed to leas than 
10 ppsi^ aiM only a small amount of Irydiogen 
was lost after an xniiial catalyst seasonnig 
period,. ^Tbitii means that litde e^yffnc was 
l^drogenated and the catOyst possessed good 
sdectiviiy. | 

When tbp catalyst is spen^ it can be re- 
generated by tzeutment wid a mixture of air 
and steam for a period of about 2 to 6 hours 
at a tpmppffAntre of about 400 to 500^ G.3 after 
whidi effective accxfiax lemoval from ihe gas 
stream can Ipexestmifidi 

\mAT WE CLAIM IS : ^ 

1. A pfo|oe3S for selectivdy l^dt^enaiing 
acetylene in a gaseous Irydiucazbrak 
oontainlng to ahout 2% by wd ghi of 
aceigdfine, y^mch process corupiiges passmg the 120 
g aawn s mhauns together witli hydrogen in a 
quandty atlleast stofrhiometiically eqnivaleni 
119 the ac^^ene content of the gaseona sibcture 
a camlyst at elevated temepet^toz^ and 
pCBSSure condiiionSj whKein the catalyst com- 1 25 
prises pallaaiunxy a promoter metal sdecced 
from chodii^ silver and xixh), and, a$ a 
for the paladium and promoter metal^ acti- 
vated al imipflj the paUadmm bdng present in 
the range ^ from 0,00U% u> 0^(BS%* fay ISO 
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weigbt of die ro^ catalyst and die prom 3ter 
m«al bdng present in die range ftam 
0.001% to 5.% by wefeht of the total cata^ 

2. A pieces? according to claim 1^ wbcrein 
the tecnpeiacuie is m the raoge of from, p5^ 
to 165^ C and die pressure is m die tmgt of 
from 250 to 450 psig. 

3. A process aocordmg to daim 1 or % in 
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St&donay Offi£^ hf die Conner Itesw— 1961. 
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wMcb die pxt»motsr meal is ri^oditmi or ^ctj 
and m whic& the paBadnim and tbe piosiDtBr 10 
mecal are each, p^eent in an amount equal to 
about 0.01% of tiiB total weighc of the catalyst 

HASELTINE, LAKE & CO., 
28^ Southampton Buildlx^ London, 
Agents for die Applicants, 
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